A dermal melanoma with histologic similarities to mammalian melanocytic schwannomas was diagnosed in a wild-caught brown bullhead catfish (Ictalurus nebulosus). The diagnosis was based on cytologic, histopathologic, immunohistochemical, and ultrastructural findings. The neoplasm protruded from the cutaneous surface of the dorsal midline immediately caudal to the dorsal fin, was diffusely black and focally ulcerated, and was attached to the underlying skin by a broad-based stalk. Cytologically, the tumor was composed of a monomorphic population of melanophores, the melanin-producing and storing cells within the dermis and epidermis of fish that are partially responsible for rapid color changes. Histopathologic examination of the neoplasm revealed an unencapsulated, well-circumscribed, moderately cellular neoplasm composed of 2 distinct cell populations: spindle cells arranged in a ''herringbone'' pattern and numerous melanophores. The spindle cells had scant bipolar eosinophilic cytoplasm, with small centrally located vesicular nuclei; nucleoli were not seen. The histologic appearance was similar to that described for mammalian melanocytic schwannomas. Immunohistochemically, the spindle cells exhibited positive cytoplasmic staining for S-100 protein but were negative for vimentin, neurofilament protein, and glial fibrillary acidic protein. Ultrastructurally, the tumor consisted of neoplastic spindle cells with rudimentary cell junctions, actin bundles, and few melanosomes and melanophores with abundant intracytoplasmic melanosomes.
Spontaneously occurring neoplasms are uncommon in wild freshwater fish in North America. Neoplasms reported in brown bullhead catfish (Ictalurus nebulosus) include hepatocellular or biliary liver neoplasms, 17 orocutaneous papillomas and carcinomas, 12 and odontogenic neoplasms and dermal melanoma. 3 Pigment cell neoplasms have been reported in other fish species, e.g., dermal melanomas in the platyfish/swordtail hybrid (Xiphophorus helleri ϫ X. maculatus), 16 dermal chromatoblastoma in the freshwater drum, 1 dermal melanomas and chromatophoromas in the croaker (Nibea mitsukurii), 6 and melanomas and melanosarcomas in salmonids. 2 Schwannomas, or neurilemmomas, have been reported in the carp (Cyprinus carpio) and goldfish (Carassius auratus), 8 and neurofibromatosis has been reported in bicolor damselfish (Pomacentrus partitus). 15 A dermal melanoma with similarities to mammalian melanocytic schwannomas was diagnosed in a wild-caught brown bullhead catfish and is described here.
Live brown bullhead catfish were collected by the Indiana Department of Natural Resources, Fish and Wildlife Division, and were submitted to the Animal Disease Diagnostic Laboratory at Purdue University (West Lafayette, IN) for diagnostic evaluation. One of the fish, 25.4 cm long and 0.4 kg, had a 3.3-ϫ 4.0-ϫ 2.2-cm 3 spherical, firm black tumor that bulged from the dorsal cutaneous surface immediately caudal to the dorsal fin ( Fig. 1 ). The tumor was attached to the skin by a broad-based stalk and was focally ulcerated. A smaller, black multinodular tumor, 3 ϫ 3 ϫ 0.5 cm 3 , was present on the left pectoral fin. The remaining skin was mottled with irregular, randomly scattered areas of hyperpigmentation and hypopigmentation of various shapes and siz-From the Animal Disease Diagnostic Laboratory, Purdue University, West Lafayette, IN 47907.
Received for publication May 15, 2001. es. Cytologic evaluation of the large dorsal tumor revealed a monomorphic population of melanophores, the cells within the dermis and epidermis of fish that produce and store melanin and are partially responsible for rapid color changes.
The tumor was tentatively diagnosed as a melanoma, based upon gross observation and cytology. Tissue samples were placed in 10% neutral buffered formalin, routinely processed, embedded in paraffin, sectioned at 5 m, and stained with hematoxylin and eosin (HE). Histopathologic examination of the tumor revealed an unencapsulated, well-circumscribed, moderately cellular neoplasm ( Fig. 2) . Scattered throughout the neoplasm with variable density were melanophores interspersed with a population of spindle cells arranged in a prominent ''herringbone'' pattern, with a scant fibrovascular stroma (Fig. 3 ). The neoplastic spindle cells had scant bipolar eosinophilic cytoplasm, with Paraffin-embedded sections of the neoplasm were placed on positively charged slides and stained with antibodies to S-100 protein, a vimentin, a neurofilament, b and glial fibrillary acidic protein (GFAP) a following previously described methods. 14 Immunohistochemical staining was performed using an automatic stainer a and a labeled streptavidin-biotin method, a with diaminobenzidine as the chromogen. For negative controls, the primary antibody was replaced with normal rabbit serum for the polyclonal antibodies and normal mouse serum for the monoclonal antibodies. Canine brain was used as the positive tissue control. Immunohistochemical processing revealed moderate positive cytoplasmic staining of the neoplastic spindle cells with S-100 protein and negative staining for vimentin, neurofilament, and GFAP ( Fig. 4) .
For electron microscopy, formalin-fixed tissues were placed in 3% glutaraldehyde solution in Millonig buffer, postfixed in 2% aqueous osmium tetroxide, dehydrated in graded ethanols and propylene oxide, embedded in epoxy resin, sectioned at 80 nm, and stained with uranyl acetate and lead citrate. Ultrastructurally, 2 distinct neoplastic cell types were present: 1) melanophores with abundant intracytoplasmic melanosomes and 2) spindle cells. The neoplastic melanophores contained round to oval vesicular nuclei, and numerous single membrane-bound, electron-dense round to oval granules (stage IV melanosomes) filled the cytoplasm (Fig. 5 ). The neoplastic spindle cells contained few melanosomes and rare rudimentary cell junctions. Actin filaments with focal densities were present as a band along the inner surface of the plasma membrane (Figs. 6, 7) . Actin filaments are typically present within melanophores (and other chromatophores in fish) and are responsible for the rapid cell shape changes that result in rapid color changes in fish. 10 These cells were not considered to be melanomacrophages, a pigmented cell involved in the immune response in fish, because those cells typically contain compound melanosomes and myelin figures, neither of which are present in this neoplasm.
Although the typical type B schwannoma pattern of loose and irregular spindle-cell arrangement was not observed in this neoplasm, the prominent herringbone pattern has been reported in mammalian schwannomas. Spindle cells are a component of dermal melanomas in the platyfish/swordtail hybrid; the cells are considered melanocytes, but they do not form a herringbone pattern. 16 The spindle cells may not have been observed cytologically because mesenchymal cells are less likely to exfoliate on a routine impression smear. Me-lanocytic schwannomas have been reported in humans 18 and a dog. 11 Ultrastructural features of melanocytic schwannomas in humans and dogs include intracytoplasmic pinocytotic vesicles, long-spacing collagen, and infolding of cell membranes. 5, 11 None of these features were observed in the dermal melanoma of this catfish. Although electron microscopy did not provide enough information to definitively identify this neoplasm as a melanocytic schwannoma, the histologic pattern and immunohistochemical findings of positive staining for S-100 protein are consistent with findings in mammalian schwannomas. Nonneuronal nervous tissue, such as Schwann cells, commonly express S-100 protein and vimentin but rarely express neurofilament and GFAP. 13 Absence of vimentin staining typically indicates that the tissue is not of mesenchymal origin; however, in this fish lack of stain may have been the result of prolonged formalin fixation, as indicated by minimal to nonexistent staining of endothelium and vessel walls. Melanomas stain positively for S-100 and vimentin, and they are not reported to form herringbone patterns. 7, 9 Classification of human melanomas includes spindle cell and neurotropic variants, which tend to be desmoplastic and amelanotic. 4 Genetic factors and environmental toxicants have been linked to neoplasms in some teleosts, as in the case of dermal melanomas in the platyfish/swordtail hybrids and the hepatic and epidermal neoplasms in the brown bullhead, respectively. No genetic or toxic predisposing factors were identified in this case. Hypo-and hyperpigmentation of skin may be associated with pigment dispersal, which is controlled by hormones such as melanocyte-stimulating hormone and by the autonomic nervous system. 10 
